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Abstract 
Agriculture plays an important role in the Irish economy. It provides food and employment and has strong linkages 
with the agri-food and other sectors. The abolition of EU milk quotas in April 2015 provided a platform for agriculture 
to grow significantly and thus scope to improve existing processing practices emerged. The nature of the dairy industry 
makes it extremely water intensive, this research indicates on average 2.44 m3 of water are required to process 1 m3 
of milk. The long term sustainability issues surrounding water supply require make it imperative that alternative 
sources are investigated. However, for these alternative sources to be acceptable the current cleanliness of water 
entering the process must be analysed closely, to provide a datum level of acceptable cleanliness. This study reviews 
the current Potable Water Standards in detail and investigates the level of compliance being achieved by 6 
internationally trading dairy co-operatives within the Republic of Ireland. Results from this detailed study illustrate 
that current cleanliness levels far surpass the EU standards recommendations thus providing a tangible target for waste 
water recovery systems with the objective of satisfying customer concerns regarding reusing process water.  
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1. Introduction 
In 2014, worldwide, approximately 600 million tonnes of milk were produced per annum [1]. Last year saw a 33% 
increase in fluid milk production with circa 800 million m3 of milk being produced globally [2]. As is apparent from 
Figure 1 milk production has been increasing since 1960. This quantity of milk is increasing annually and it can be 
anticipated that these values will continue to grow along a similar path. It is expected to grow 4.5% in Europe by 2020 
[3, 4], increasing production volumes from 20% of the global market to almost a quarter of worldwide production. 
Figure 1 below shows this growing trend. 
This increase in milk intake has become more pronounced since the abolition of quotas in 2015 (Figure 1) and has 
increased by 15% on 2014 levels, with domestic milk intake for 2016 being 6.653 billion litres, [5] with a 2020 
expected intake of 7.5 billion litres [3]. This by far exceeds other European counterpart’s growth since the quota 
abolition in April 1st 2015.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Worldwide Production Since 2000 highlighting production increases post EU quotas 
Ireland contributes 4% of the European produced milk volume, this equates to marginally less than 1% of the 
worldwide milk production or 30-50% of Irish exports [6, 7]. Previously these figures were controlled by European 
milk quotas however with milk quotas removed, across the EU, as of April 1st 2015 [8], an opportunity for Irish dairy 
farmers to increase their milk production volumes has been unleashed. 
As is apparent from Figure 1, increases in production volumes have resulted in, and are anticipated to rise further, 
thus, it is necessary to benchmark current processing technologies and investigate industrial efficiencies related to 
these volume increases.   
One such area of process variation is water usage across the industry. Reliable, consistent and repeatable testing 
procedures give companies the ability to detect process drift early, give customer’s confidence in product uniformity 
and, ultimately, significantly contribute to an organisation’s bottom line.  
As the volume of milk being produced increases the use of water in dairy processing for cleaning, flushing and 
rinsing also increases the possibility of using water-based by-products of the milk processing process exists and would 
help reduce the impact on water reserves. However, to promote this reuse of process water it is a fundamental 
requirement that it meets current cleanliness standards.  
Water usage within the dairy industry is a significant issue, in 2013 it was found to be approximately 2.28 m3/m3 
milk processed [7]. In 2015 this research examined average water usage across 5 of the largest dairy processing sites 
within the Irish dairy sector and has established an average water usage figure of 2.44 m3 water used for each m3 of 
milk received. However, there is deviation from site to site in terms of water used on site per annum. This investigation 
returned a standard deviation value of 987,032 m3. This large deviation can be attributed to by factors such as; the 
variation in site physical sizes and each company’s various product mixes. 
Water is sourced from surface water (58%); groundwater (40%); public supply (2%),  many plants are located near 
a large water course, which helps dispose of treated effluent from their on-site wastewater treatment facilities [7]. 
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Currently, the food industry is a major user of water within its sites. It ranks third for water usage and wastewater 
discharge volumes, coming after chemical and refinery industries [9, 10]. The high use of water within the industry 
means that it is also producing mass volumes of effluent. In 2008, as stated by Vourch et al, the industry was producing 
between 0.2 litres and 10 litres of effluent for every litre of milk that was processed [11]. 
Ultimately, recovery and reuse of process water will help reduce the volumetric load on wastewater treatment 
plants, help reduce discharge to rivers and water supplies and help ensure a more sustainable supply of water, in an 
era where supply of water is very restricted.  
This paper outlines the current water cleanliness levels within the Irish Dairy industry and, thereby, establishes a 
base line water quality level, which water recovered from the process should be expected to satisfy. 
The following section outlines the tests and standards in question. 
2. Water Cleanliness Requirements  
There are a number of technologies which facilitate water treatment, chemical treatment, filtration and UV 
treatment. However, in order to maximise the potential reuse options of the recovered water it is necessary to win 
customer confidence. The Irish Dairy Industry is a highly regulated industry and supplies key markets such as infant 
formula, sports nutrition and others, as such customers need to have confidence that recovered water adheres to 
required cleanliness standards. 
From the Environmental Protection Agency [12] reports and EU domicile water standards [13. 14] it can be seen 
that the specification of the parameters are identical and thus confirm that these are the standards which are currently 
being adhered to. The standards are divided in analysis areas that include; Microbiological, Chemical, Physical and 
Radioactive specifications. These are outlined in the Tables below. Table 1 outlines the specifications of 
microbiological testing on water in dairy sites today based on the Potable Water Standards above [14] . 
Table 1 Microbiological Standards to be achieved in potable water. 
Parameter Units EU Spec (2014) 
Escherichia coli (E. coli) number/100ml 0 
Enterococci number/100ml 0 
Clostridium Perfringens (incl spores) number/100ml 0 
Colony Count @ 22°C cfu/ml <100 
Coliform Bacteria number/100ml 0 
 
Based on observations, and through discussion processes, water in the Irish Dairy industry is typically tested on a 
daily rotating basis. This means each area of the plant will receive testing approximately twice a week to ensure the 
microbiological standards are met regularly.  Other specifications which can be classified into physical properties are 
outlined in Table 2 below, these specifications include colour, conductivity taste, turbidity amongst others. 
Table 2 Physical Standards for Potable water 
Parameter Units EU Spec (2014) 
Colour N/A Acceptable to consumer & no abnormal change 
Conductivity µS/cm @ 20°C 2500 
Hydrogen ion concentration pH units ≥6.5 ≤ 9.5 
Odour N/A Acceptable to consumer & no abnormal change 
Oxidisability mg/l O₂ 5 
Taste N/A Acceptable to consumer & no abnormal change 
Total Organic Carbon mg/l No abnormal change 
Turbidity ntu Acceptable to consumer & no abnormal change 
 
It should be noted that the Irish EPA state that oxidisability need not be measured if Total Organic Carbon is 
analysed [11]. Physical standards for potable water are only one of three categories of cleanliness, satisfying chemical 
requirements are also fundamental to the ability to use water the chemical standards for potable water are outlined in 
Table 3. 
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Table 3 Chemical Standards for Potable Water 
Parameter Units EU Spec (2014) Parameter Units EU Spec (2014) 
Acrylamide µg/l 0.1 1,2- Dichloroethane µg/l 3 
Antimony µg/l 5 Epichlorohydrin µg/l 0.1 
Arsenic µg/l 10 Lead µg/l 10 
Benzene µg/l 1 Mercury µg/l 1 
Benzo(a)pyrene µg/l 0.01 Nickel µg/l 20 
Bromate µg/l 10 Pesticides µg/l 0.1 
Cadmium µg/l 5 Pesticides-Total µg/l 0.5 
Chromium µg/l 50 Selenium µg/l 10 
Tetrachloroethene & 
Trichloroethene µg/l 10 Polycyclic aromatic hydrocarbons µg/l 0.1 
Iron µg/l 200 Cyanide µg/l 50 
Manganese µg/l 50 Trihalomethanes - Total µg/l 100 
Aluminium µg/l 200 Vinyl chloride µg/l 0.5 
Ammonium mg/l 0.3 Boron mg/l 1 
Chloride mg/l 250 Copper mg/l 2 
Sulphate mg/l 250 Fluoride (a) Fluoridated Supplies mg/l 0.8 
Nitrite mg/l 0.5 Fluoride (b) Supplies that don't required fluoridation mg/l 1.5 
Sodium mg/l 200 Nitrate mg/l 50 
 
The Irish EPA requires a full suite of tests to be performed 3-4 times per annum. This suite of tests includes the 
microbiological standards mentioned previously and includes testing for chemical limitations. 
As mentioned in Section 1, the ability to reuse and recover water currently entering the waste water treatment plant 
will depend on the ability of the selected filtration/treatment system to satisfy these quality standards, however in 
terms of meeting and exceeding customer expectations, simply satisfying quality standards may not be sufficient.  
To this end, a detailed comparison of the water currently being used within the Irish dairy processing sector was 
undertaken; this outlines the current cleanliness levels of the water being used and establishes a datum cleanliness 
level in relation to the standard. The objective of this research is it outline a comparison between water currently being 
used within the Irish Dairy Industry and the Drinking water standards outlined in Table 3 above, understanding this 
comparison will develop the datum target to be achieved to help ensure customer confidence in the ability to use 
recovered and treated waste water in the process. 
 
3. Data Gathering and Analysis  
Data gathering for this study was completed in two phases; Phase 1 examined microbiological and physical 
standards, which encompassed a study of 4 milk processing sites.  These four milk processing sites were chosen due 
to both geographical location, diversely spread from four distinct locations across Ireland and also the variety of water 
supply which include river, private well and public water supply.  
Phase 2 examined chemical standards, here the study expanded to include and further two processing sites resulting 
in a chemical comparison across 6 processing sites. These further two sites obtain water through a mix of river supply 
and their own private supply. The Republic of Ireland produced 6.3 billion litres of cow milk in 2015 [15]. One site 
per company was investigated as part of this study, together these sites processed 38% of the country’s milk produced, 
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with a wide product mix and various water usage requirements with an average of 2.44 m3 of water required to process 
1 m3 of milk, subject to quite a range. 
Having selected the companies based on volume of milk supplied to the Irish market, geographical location and 
water supply a comprehensive data gathering process was undertaken; details of raw water cleanliness tests were 
examined and compared to the cleanliness standards.  
The data is outlined below. 
3.1. Microbiological Standards 
Table 4 outlines the average result across the companies in line with the required cleanliness level from EU 
standard. As expected it is apparent from Table 4 below that each of the sites examined are in line with the water 
cleanliness standard. 
Table 4 Average Microbiological Results currently achieved on site 
Parameter Units EU 2014 Company Average Pass/Fail 
Escherichia coli (E. coli) number/100ml 0 0 Pass 
Enterococci number/100ml 0 0 Pass 
Clostridium Perfringens (incl 
spores) number/100ml 0 0 
Pass 
Colony Count @ 22°C cfu/ml No abnormal change 0.667 Pass 
Coliform Bacteria number/100ml 0 0 
Pass 
Pass 
3.2. Physical Standards 
Table 5 outlines the average result obtained from the companies, in line with the physical standards required from 
the EU standard. An examination of the data outlines that while there is variation across the sites, in terms of 
conductivity, TOC & pH levels of incoming water, all are acceptable when compared to the EU required levels. 
Table 5 Average Physical Results currently achieved on site 
Parameter Units EU 2014 Company Average Pass/Fail 
Colour Hazen Units Acceptable to consumer & no abnormal change 4.5 Pass 
Conductivity µS/cm @ 20°C 2500 537.23 Pass 
Hydrogen ion concentration pH units ≥6.5 ≤ 9.5 7.16 Pass 
Odour N/A Acceptable to consumer & no abnormal change 
 Pass 
Oxidisability mg/l O₂ 5 N/A N/A 
Taste N/A Acceptable to consumer & no abnormal change 
 Pass 
Total Organic Carbon mg/l No abnormal change 1.65 Pass 
Turbidity ntu Acceptable to consumer & no abnormal change 0.45 Pass 
As stated previously the EPA do not require this parameter to be measured if the parameter TOC is analysed. Indeed 
the EPA recommends that TOC is measured rather than oxidisability in all water supplies as “it is a more useful 
parameter and easier to determine” and as can be seen from Table 5 above all companies record acceptable levels of 
TOC in incoming water. Section 3.3 will outline a comparison of incoming water to the Chemical requirements of the 
EU standard.      
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3.3. Chemical Standards 
 
In a similar manner a comparison between the chemical constitutions of the water across the processing sites. The 
data obtained from this analysis is outlined in Table 6, here information of the processing plants are compared to the 
EU standard with the performance against the standard clearly outlined.  
Table 6 A Comparison of EU Standard to Water used in Irish Dairy Industry. 
Parameter Unit 
EU 
Standard 
Limit 
Company 
Average 
Reading 
% 
Difference 
between EU 
Standard and 
Company 
Reading  
Parameter Unit 
EU 
Standard 
Limit 
Company 
Average 
Reading 
% Difference 
between EU 
Standard and 
Company 
Reading 
Benzo(a)pyrene µg/l 0.01 0.008044 -20% 
Nickel µg/l 20 16.78833 -16% 
Acrylamide µg/l 0.1 0.075 -25% 
Chromium µg/l 50 41.78333 -16% 
Epichlorohydrin µg/l 0.1 0.09 -10% 
Cyanide µg/l 50 40.1 -20% 
Pesticides µg/l 0.1 0.1 0% 
Manganese µg/l 50 41.7 -17% 
Polycyclic 
aromatic 
hydrocarbons µg/l 0.1 0.1 0% 
Trihalomethane- 
Total µg/l 100 67 -33% 
Pesticides-Total µg/l 0.5 0.5 0% 
Aluminium µg/l 200 167.015 -16% 
Vinyl chloride µg/l 0.5 0.5 0% 
Iron µg/l 200 167.3333 -16% 
Benzene µg/l 1 1 0% 
Ammonium mg/l 0.3 0.242167 -19% 
Mercury µg/l 1 0.833667 -17% 
Nitrite mg/l 0.5 0.37575 -25% 
1,2- 
Dichloroethane µg/l 3 2.6 -13% 
Fluoride (a) 
Fluoridated 
Supplies mg/l 0.8 0.7068 -12% 
Antimony µg/l 5 4.168333 -17% 
Boron mg/l 1 0.834667 -17% 
Cadmium µg/l 5 4.183333 -16% 
Fluoride (b) 
Supplies that 
don't required 
fluoridation mg/l 1.5 1.5 0% 
Arsenic µg/l 10 8.378667 -16% 
Copper mg/l 2 1.667333 -17% 
Bromate µg/l 10 8.1 -19% 
Nitrate mg/l 50 38.5725 -23% 
Lead µg/l 10 8.4 -16% 
Sodium mg/l 200 168.5833 -16% 
Selenium µg/l 10 8.131 -19% 
Chloride mg/l 250 212 -15% 
Tetrachloroethene 
& Trichloroethene µg/l 10 7 -30% 
Sulphate mg/l 250 210.6667 -16% 
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Oxidisability mg/l O₂ 5 N/A N/A 
Taste N/A Acceptable to consumer & no abnormal change 
 Pass 
Total Organic Carbon mg/l No abnormal change 1.65 Pass 
Turbidity ntu Acceptable to consumer & no abnormal change 0.45 Pass 
As stated previously the EPA do not require this parameter to be measured if the parameter TOC is analysed. Indeed 
the EPA recommends that TOC is measured rather than oxidisability in all water supplies as “it is a more useful 
parameter and easier to determine” and as can be seen from Table 5 above all companies record acceptable levels of 
TOC in incoming water. Section 3.3 will outline a comparison of incoming water to the Chemical requirements of the 
EU standard.      
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From Table 6 it is apparent that in all incidents where the standard requires chemical levels of less than 0.5 mg/l 
within the water supply that all 6 dairy processing sites meet or exceed the expectations of the EU standard. In terms 
of the standards outlined the water entering the dairy processing sites is on average 8% better than the standard 
requires, with highs of 25% for Acrylamide for example, where the standard required is 0.1 µg/l, with processers 
achieving 0.075 µg/l. 
Examining Table 6 with respect the performance of water supplies entering into the 6 processing sites with chemical 
levels between 0.5 µg/l < x ≤ 5 µg/l. It is apparent that, for these particular chemical traces, water entering the dairy 
processing sites is on average 13% better than the EU standard requires, with a high of 17% achieved for Mercury & 
Antimony. Again in all cases as represented for this range of chemical analysis the cleanliness of the water entering 
the processing plants meets or exceeds the requirements of the EU standard. It is apparent that in all cases the water 
entering the processing sites is significantly better than is required by the EU standard, in fact it is on average 19% 
better than the EU standard requires, with a high of 30% seen for Tetrachloroethene & Trichloroethene.  
For chemical traces 20 µg/l < x ≤ 200 µg/l, here water entering the site is on average 20% better than the EU 
standard requires, Nitrite being 25% better than the EU standard requires. Examining Table 6 for samples with 
chemical traces of 0.1 mg/l < x ≤ 2 mg/l and samples with chemical traces of 2 mg/l < x ≤ 250 mg/l. It is once again 
apparent that water entering the dairy processors exceeds the expectations of the EU standard, for samples 0.1 mg/l < 
x ≤ 2 mg/l the water entering processers is on average 15% lower than the EU standard specification while samples 2 
mg/l < x ≤ 250 mg/l are on average 17% lower than the level required by the EU standard specification. 
Indeed from Error! Reference source not found. of the 34 tests required under the Chemical Standard 
requirements in all but 6 of the tests the water entering the dairy processing sites was of a higher quality than the EU 
standard requirement, in the remaining 6 tests the standard was satisfied. This information is fundamental when 
understanding the needs and requirements of customers when examining the potential to recover water for use 
within the manufacturing process. 
 
4. Discussion  
It is apparent from Section 1 of the paper and as is evidenced in CSO figures since the abolition of EU quotas milk 
production has risen and is forecast to rise further. This increase in milk production is having and will have a significant 
impact on the water required within the process. With typically 2.45 m3 water used per m3 of milk processed. It has 
also been established that the industry is producing between 0.2 L and 10 L of effluent for every litre of milk that is 
processed [11]. As milk production increases if current trends continue, more water will be required during the 
manufacturing process resulting in more effluent to be treated. 
The primary constituent of milk is water, 87% water, 4% Fat, 3.5% Protein, 4.7% lactose and 0.8% ash according 
to the Dairy Processing Handbook [16], moisture is extracted from milk through separation, evaporation and drying 
(amongst other processes) this material is currently, in the majority of cases, sent to waste water treatment plants 
before being released to the environment. 
To help reduce the dependence on water from ground supply, rivers, lakes etc. it is natural to look to this current 
waste stream as a means to offset water demands. However, a significant barrier to this potential water source is the 
issue of customer confidence in using recovered material within the process. Currently, customers use the EU drinking 
water standard to audit dairy processors, once the processors meet this standard, customers are reassured that the water 
used within the process to wash, rinse, CIP etc. has been tested to the required standard and will not pose a risk to end 
product. 
This research has examined the cleanliness of raw water currently being used in the Irish Dairy industry; across 6 
of the largest dairy processing sites and it has indicated that the water cleanliness in all cases meets and in most cases 
exceeds the expectations required by EU standard. 
Looking at Table 4 and Table 5 it is apparent that the EU standards for Microbiological and Physical parameters 
are being satisfied, it should be noted that while the average for conductivity was 537 µS/cm, the range across the 
sites was quite large, 2161 µS/cm. This indicates that depending on the water supply in question some of the dairy 
sites take in water which, while still within the EU limit, is trending towards the limit. Some variation in results is to 
be expected from site to site as not all sites take in water in the same manner, as has been mentioned previously. 
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With regard to Chemical Standard Analysis the difference between the EU standard and the quality of the water 
entering the dairy processors is more pronounced, as outlined in Section 3 water entering the Irish Dairy processors is 
on average 15 % better quality than is stated in the EU standards.  
This has both positive and negative implications, it is very positive that the water being used in the Irish dairy 
industry is deemed “clean” and meets/exceeds the minimum cleanliness standards required by EU legislation.  
However, it will also mean that any recovery system/technology used to filter/treat potential material currently 
going to waste water treatment plants will need to offer the ability to match the current cleanliness standards. To help 
ensure customer confidence it will be necessary to show that recovered material offers the same cleanliness levels as 
the water currently being employed within the process. 
While various technologies and treatment systems can be employed to treat current waste streams, and while from 
a legislative perspective it may be sufficient to satisfy the EU requirements, to achieve buy in from customers 
recovered water will need to match the cleanliness levels of the water currently being employed. It is only if this is 
achieved that customers can be convinced that recovered water is the equivalent to current water supplies that the 
sector can begin to use recovered water efficiently within the process, which will help reduce the demands on 
freshwater supplies but also help reduce the load to effluent plants and help protect our environment. 
 
5. Conclusion  
This research has performed a comprehensive and detailed analysis of the current water cleanliness of water 
entering Irish Dairy processers, it has established that in all cases water meets or exceeds the expectations of the 
standards. 
This study has offered and proposed a new cleanliness datum for water recovery systems to satisfy to help ensure 
customer confidence in the recovered material, by satisfying the datum target it will be possible to prove to potential 
customers that recovered water is of the same standard as raw water.  
This will ultimately help to elevate any concerns they may have and ultimately offer the ability to use recovered 
water within the process helping to reduce the dependency on river/lake/ground supply. 
Currently, this research is focused on analysing current waste streams from the Dairy processing sector with a view 
to implementing water recovery technology to treat these waste streams and achieve this new datum level of 
cleanliness. 
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From Table 6 it is apparent that in all incidents where the standard requires chemical levels of less than 0.5 mg/l 
within the water supply that all 6 dairy processing sites meet or exceed the expectations of the EU standard. In terms 
of the standards outlined the water entering the dairy processing sites is on average 8% better than the standard 
requires, with highs of 25% for Acrylamide for example, where the standard required is 0.1 µg/l, with processers 
achieving 0.075 µg/l. 
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requirements in all but 6 of the tests the water entering the dairy processing sites was of a higher quality than the EU 
standard requirement, in the remaining 6 tests the standard was satisfied. This information is fundamental when 
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exceeds the expectations required by EU standard. 
Looking at Table 4 and Table 5 it is apparent that the EU standards for Microbiological and Physical parameters 
are being satisfied, it should be noted that while the average for conductivity was 537 µS/cm, the range across the 
sites was quite large, 2161 µS/cm. This indicates that depending on the water supply in question some of the dairy 
sites take in water which, while still within the EU limit, is trending towards the limit. Some variation in results is to 
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